Objective: To evaluate whether resident participation in operations influences postoperative outcomes. Background: Identification of potential differences in outcome associated with resident participation in operations may facilitate planning from educational and health resource perspectives. Methods: From the National Surgical Quality Improvement Program database (2005)(2006)(2007), postoperative outcomes were compared for patients with and without resident participation (RES vs no-RES). Groups were matched in a 2:1 ratio, based on age, sex, specialty, surgical procedure, morbidity probability, and important comorbidities and risk factors. Results: RES (40,474; 66.7%) and no-RES (20,237; 33.3%) groups were comparable for matched characteristics. Mortality was similar (0.18% vs 0.20%, P = 0.55). Thirty-day complications classified as "mild" (4.4% vs 3.5%, P < 0.001) and "surgical" (7% vs 6.2%, P < 0.001) were higher in RES group. Individual complications were largely similar, except superficial surgical site infection (3.0% vs 2.2%, P < 0.001). Operative time was longer in the RES group [mean (SD) 122 (80) vs 97 (67) minutes, P < 0.001]. Overall complications were lower for postgraduate year 1-2 residents than for other years. These differences persisted on multivariate analysis adjusting for confounders. Conclusions: Resident involvement in surgical procedures is safe. The small overall increase in mild surgical complications is mostly caused by superficial wound infections. Reasons for this are likely multifactorial but may be related to prolonged operative time.
R esident participation in surgical procedures is essential for training. 1 Although the precise proportion of operations performed that involve residents or trainees is unknown, it is likely to be significant. In the Veterans Affairs (VA) system, more than 80% of all operations were conducted in teaching hospitals with resident participation. 2, 3 Current trends in national health care delivery are triggering a reassessment of training in general surgery and a reappraisal of resident involvement in training programs in both North America and Europe, 4 especially with the highlighted focus on surgical safety, given the recent identification of means by which this can be directly enhanced. 5 The generation of an appropriate organizational framework for surgical education will require a clear understanding of the interactions that exist between resident participation in surgical procedures and outcomes such as morbidity and mortality.
Several studies have previously addressed the interaction between resident participation and outcomes, with contrasting results. [1] [2] [3] [4] [6] [7] [8] Differences in results likely relate to differences in the research question, setting of the study, research strategy, and outcome measures. Furthermore, most of these studies addressed this issue indirectly and failed to correctly adjust for potential confounders. The National Surgical Quality Improvement Program (NSQIP) database is the first validated national, outcome-based, riskadjusted, performance-controlled platform for the measurement and subsequent improvement of medical health care delivery.
2,3,9-13 The NSQIP variables collected can be classified into preoperative risk factors, intraoperative variables, and postoperative 30-day morbidity and mortality in patients undergoing surgical procedures. 11, [14] [15] [16] As such, the NSQIP database provides an opportunity to directly evaluate the effects of resident involvement while optimally correcting for potential confounders. 2, 3, [9] [10] [11] [12] The aim of this study was to use data from the NSQIP database to evaluate whether resident participation in operations influences postoperative outcomes while accounting for patient, disease, and operation complexity.
METHODS

Study Design
We conducted a matched study comparing postoperative outcomes for patients with (RES) and without (no-RES) resident participation in the NSQIP database in the period from 2005 to 2007. Patients were matched using a frequency-matching approach in a 2:1 ratio based on age, sex, specialty, surgical procedure, morbidity probability (as determined by NSQIP), and important comorbidities and risk factors. These included American Society of Anesthesiologists (ASA) classification, diabetes, chronic obstructive pulmonary disease, congestive heart failure, myocardial infarction in the last 6 months, hypertension, renal failure, dialysis, disseminated cancer, steroid use, and weight loss in the last 6 months.
A previous study suggested poor performance of regression analysis adjusting for morbidity probability alone. 2 We hence chose an extensive matched design so as to minimize any differences in factors between the groups on outcomes. Morbidity probability is provided by the ACS-NSQIP database and is derived using stepwise logistic regression analysis. 17 This variable represents the probability (0-1) that a patient will experience a morbid event based on preexisting conditions before surgery. These probabilities are calculated every 6 months for the previous 12 months of data. 17 Matching for this variable also allowed for an improved ability to adjust for potential differences between study groups based on preoperative risks for complications after surgery.
Data Accumulation
NSQIP uses rigorous and clearly defined parameters that are accumulated by specialist nurse reviewers (designated a "surgical clinical reviewer" or SCR) as each patient progresses from preoperative to intraoperative and subsequently to postoperative phases of the surgical process. The origin of the data lies in computerized or paper records and personal interviews at differing stages. Inclusion and exclusion criteria applied to NSQIP data are detailed on their official Web site. Important exclusion criteria include patients younger than 16 years, SCR on vacation, and brain dead, trauma, and transplant cases.
Study Outcomes
Primary study outcomes were 30-day mortality and postoperative complications. Postoperative complications were categorized as surgical or medical as follows:
r Surgical complications: superficial surgical site infection, deep (organ) surgical site infection, wound disruption, bleeding requiring transfusion, failure of graft or prosthesis, peripheral nerve injury, and reoperation.
r Medical complications: pneumonia, pulmonary embolism, acute renal failure, stroke, myocardial infarction, sepsis, urinary tract infection, deep venous thrombosis, and thrombophlebitis.
In addition, complications were classified as mild or severe, as follows:
r Mild complications: superficial surgical site infection, peripheral nerve injury, urinary tract infection, deep venous thrombosis, and thrombophlebitis.
r Severe complications: deep (organ) surgical site infection, wound disruption, bleeding requiring transfusion, failure of graft or prosthesis, reoperation, pneumonia, pulmonary embolism, acute renal failure, stroke, myocardial infarction, and sepsis.
Secondary outcomes were duration of surgery, total surgical hospital stay, and postoperative hospital stay.
Data and Statistical Analysis
A direct comparison of baseline characteristics and study outcomes was conducted for both study groups (RES vs no-RES). In addition, an analysis comparing outcomes for different postgraduate year (PGY) levels (ie, 1-2, 3-5, and ≥6) of participating residents was conducted. To ensure validity of this analysis, a regression analysis adjusting for variables similar to those used for matching was used to examine the primary outcomes. On the basis of results obtained from this analysis, an analysis was performed that compared outcomes after operations with participation by subgroups of residents at the different PGY levels, with no-RES subgroups matched for the same characteristics as for the entire cohort.
Categorical variables were summarized as frequencies and percentages; quantitative variables were summarized as mean (SD) or median with interquartile ranges, as appropriate. Categorical variables were compared by the Fisher exact test or χ 2 test, as appropriate. Quantitative and ordinal variables were compared by the Wilcoxon rank sum test or Kruskal-Wallis test, as appropriate. Logistic regression with forward stepwise inclusion was used for subgroup analysis. A value of P < 0.05 was regarded as statistically significant.
RESULTS
A total of 60,711 surgical procedures were matched on the basis of resident involvement into RES (n = 40,474) and no-RES groups (n = 20,237). Groups were comparable regarding age, sex, morbidity probability, ASA classification, and all other matching variables ( Table 1) . General surgery was the most prevalent specialty with 92.7% of procedures.
There was no difference in 30-day mortality between RES and no-RES groups (0.18% vs 0.20%, P = 0.55) ( Table 2) . Thirty-day complications were, however, higher in the resident groups (7.5% vs 6.7%, P < 0.001). Complications classified as surgical (7% vs 6.2%, P < 0.001) and mild (4.4% vs. 3.5%, P < 0.001) were higher in the RES group, whereas complications classified as medical and severe were similar. This difference seems to be primarily driven by an increase in the risk of superficial surgical site infection in the RES group (3.0% vs 2.2%, P < 0.001). Other individual complications were largely similar. There was, however, a marginal statistical significance seen regarding postoperative stroke in favor of resident participation (0.067% vs 0.12%, P = 0.04).
Operative time was clinically and statistically longer in the RES group [mean (SD): 122 (80) vs 97 (67) minutes, P < 0.001]. Total length of surgical stay was significantly longer in the RES group, although this difference was small and of questionable clinical importance (absolute difference 0.13 days) ( Table 2 ). Length of postoperative hospital stay (duration between surgery and discharge), however, was not statistically significant between groups [mean (SD): 2.99 (4.02) vs 2.87 (3.32) minutes, P = 0.08].
A comparative analysis of outcomes for the different PGY levels showed a lower complication rate for PGY 1-2 residents (5.9%) than other years (PGY 3-5: 8.2%, PGY ≥6: 8.7%; P < 0.001). Because these differences could be related to differences in the baseline characteristics for the patients in the resident year subgroups, regression analysis adjusting for variables similar to those used for matching was used to examine the primary outcomes. This revealed that all categories of complications were significantly higher in PGY 3-5 and ≥6 than in PGY 1-2.
To further elucidate reasons for the observed differences in the rates of complications in the resident year subgroups, an analysis of outcomes for residents in PGY 1-2, 3-5, and ≥6 compared with no-RES groups matched for the same characteristics as the entire cohort was performed. Results across different PGY levels showed largely similar results to the overall group (Table 3) . Patient characteristics and 30-day mortality were similar for RES and no-RES subgroups stratified by PGY years. Compared with no-RES subgroups, any 30-day complications were significantly higher across all PGY levels. This again corresponded with an increase in complications classified as surgical and mild. Superficial wound infection and operative time were also significantly higher in the RES group than in the no-RES group across all PGY levels.
DISCUSSION
Given that more than 234 million operations are conducted worldwide annually (with >80% of these in teaching hospitals in North America), evaluating the relationship between resident participation and patient outcome is of great importance. 2, 5, 18 Governing bodies in North America and Europe are continuously attempting to reconfigure and adapt training programs in order to improve health care and reduce costs. Having reliable data regarding the interaction between resident involvement in surgical procedures and patientrelated outcome measures is essential to meaningfully carry out this task.
In this context, this study presents the first direct evaluation of resident involvement in surgical procedures on such a large scale. The main finding of this study is that resident participation in surgical procedures is safe. Only a small increase was seen in mild complications, which was primarily driven by an increase in the rate of superficial wound infections. Severe complications and other individual complications were not statistically different. This is an important reassuring message, indicating that our current system of training is adequate in ensuring a high quality of care. Resident participation, however, was found to be associated with increased operative time and a marginal increase in hospital stay.
Several studies have indirectly assessed the interaction between resident involvement and outcomes. Most of these studies support the findings in our study. Fischer and Hong 4 demonstrated that outcomes after pancreaticoduodenectomy performed by general surgical residents under the supervision of a surgical fellowship trained staff are comparable with national best practice benchmark outcomes. Itani et al 1 compared outcomes after operations in which residents were supervised at different levels. There were no differences in adjusted mortality and morbidity rates between groups, leading the authors to suggest that attending physicians had appropriately selected for resident performance and experience without compromising patient outcome. Karatas et al 19 examined the relationship between resident involvement and complication-related outcome in the management of middle ear infections, reporting no increase in associated complication rates. Offner et al 20 examined the relationship between the involvement of general surgical residents and outcome in level I trauma. Resident participation did not adversely affect outcome and may even have led to an improvement in the efficiency of follow-up care delivery. Finally, Kazaure et al 21 showed that surgical procedures with residents alone were not associated with an increase in complication rate compared with procedures with both an attending and a resident.
Although these studies do support our findings, they did have some limitations. All studies except that of Itani et al had a relatively small sample size, giving these studies insufficient power to reliably exclude potentially clinically important differences. 4, 19, 20 Comparisons in these studies were not controlled for potential confounders by matching or randomization, limiting their ability to draw conclusions. Itani et al 1 had a large sample size because they used the VA National Surgical Quality Improvement Program and logistic regression to correct for potential confounders. However, they mainly investigated the role of different levels of supervision of residents rather than resident participation itself. Kazaure et al did use regression analysis to adjust for potential confounders, but they mainly studied the relation between the presence of an attending on postoperative complications rather than the presence of residents on outcome.
A few reports contrast with our findings. Kauvar et al 7 demonstrated an increase in intraoperative complication rates during laparoscopic cholecystectomy among junior residents versus more senior <0.001 * Surgical and medical complications are listed as follows, with mild complications are indicated by "(mild)": surgical complications-superficial surgical site infection (mild), deep (organ) surgical site infection, wound disruption, bleeding requiring transfusion, failure of graft or prosthesis, peripheral nerve injury (mild), and reoperation; medical complications-pneumonia, pulmonary embolism, acute renal failure, stroke, myocardial infarction, sepsis, urinary tract infection (mild), deep venous thrombosis (mild), and thrombophlebitis (mild).
residents and attending staff. This study was retrospective and had a relatively small sample (n = 315), making both type I and type II errors possible. Most important, however, its results pertain to one specific type of surgery (ie, laparoscopic cholecystectomy), with a clear risk of intraoperative complications early in the learning curve, particularly because this is often the first laparoscopic procedure many residents embark on. Khuri et al 2, 3 used data from VA National Surgical Quality Improvement Program to compare outcomes between teaching and nonteaching hospitals. They identified an association between teaching hospitals and increases in perioperative variables including operative and anesthetic time and risk-adjusted morbidity rates. The authors contributed the observed increases in morbidity to the relatively poor predictive validity of the risk adjustment models for morbidity used in the database (as evidenced by the low c-indexes associated with them). As a consequence, this study made clear that more robust methods, such as the extensive matching applied in this study, are needed to correctly adjust for morbidity risk when using quality of care databases. A recent study using the ACS-NSQIP database showed that resident involvement was associated with increased morbidity but decreased mortality. 22 The study failed to provide an explanation of these conflicting findings despite several attempted post hoc analyses for that purpose. The study used logistic regression to control for potential confounders, with obvious limitation as shown in the study by Khuri et al. 2 Our study also found a longer operative time in the RES group. It is expected that operations with resident participation and hence training are likely to take longer than those carried out by more experienced staff alone. Similarly, the educational environment involved in resident participation in surgery may have also contributed to longer operative times than the more production-driven culture when residents are not involved. The finding of longer operative time when residents are involved may have an additional implication. Several studies have shown that longer operative time results in increased risk of (superficial) wound infection. 23, 24 Therefore, the longer operative time could, at least in part, explain the increased rate of superficial wound infections observed in the RES group.
A subgroup analysis of residents from different PGY levels showed that PGY 1-2 residents had lower overall complications than residents from higher PGYs. When outcomes were compared for RES subgroups with residents in PGY 0-2, 3-5, and ≥6 years matched to no-RES patients, the findings suggested that increased complexity of surgery in which residents in higher PGY levels participate might have an important role in the differences in complication rates. This is reflected in the rate of complications and operative time in the no-RES subgroups matched to different PGY levels. In particular, the no-RES group matched to PGY 3-5 and ≥6 had a higher rate of complications and longer surgical procedures than the no-RES group matched to PGY 1-2. Another potential explanation for the differences could be a more extensive involvement of higher PGY-level residents in surgery than those of PGY 0-2 levels, due to progression of surgical competency. This might be indicated by an increase in the difference in operative time between RES and no-RES in the higher PGY groups (Table 3) , which increased from 19 minutes in PGY 1-2 to 25 and 34 minutes in PGY 3-5 and ≥6, respectively. Although an increased involvement of residents might be associated with an increase in learning curve effects, these are probably limited in extent because the comparison of RES and non-RES did not show any clear evidence of an overall effect on complications, except for superficial wound infection.
The strengths of this study are the use of both the NSQIP data and extensive matching to reduce the influence of potential confounding variables on outcomes. The NSQIP program uses a variety of methods to ensure that the data accumulated are of the highest standard. These include a host of different training mechanisms for the surgical clinical reviewers and an interrated reliability audit of the surgical sites involved. 2, 3, 10, 12, 15 These, in turn, are bolstered by an expanding online decision support system for the SCRs. This is reflected in an overall low disagreement rate of approximately 1.99% in the context of each variable assessed. Importantly, sites with an inappropriately high disagreement ratio (arbitrarily set at ≥5%) undergo additional audit. Several methodological challenges are expected in any such comparisons between the 2 groups included in this study when evaluating outcomes. The design of this study, whereby several factors were carefully considered and matched for, likely minimized any persisting differences between groups with alternative study methodology because resident participation in operations may itself be considered a surrogate for complexity of procedure and severity of condition. We chose to match for factors that we expected might be different between groups and could thus influence outcomes. The availability in the NSQIP database of morbidity probability, a computation of anticipated postoperative outcomes after various procedures based on several preoperative factors, also allowed for the stratification of patients based on their preoperative risk. Despite these considerations, the expected differences at all levels between nonteaching and teaching hospitals could be associated with unknown and undetected factors that could confound any comparisons. As discussed earlier, the study by Khuri et al 2 showed increased morbidity rates in teaching hospitals, which the authors attributed to the poor predictive validity of the regression analysis models when only morbidity probability was used to adjust for confounding. The fact that our study did not show such differences between RES and non-RES groups is an indication that our extensive matching helped avoid these potential drawbacks and reduced bias.
There are also some limitations to this study. This study is not randomized, making it unable to control for unknown or unregistered confounders, especially those related to the health care organization (eg, teaching vs nonteaching hospitals). This cohort included mainly patients from general surgery. In most other specialties, only few operations if at all are performed without resident participation. Therefore, these results are representative mainly of the general surgical population and less so for other specialties. A further drawback is that data are accumulated for a maximum of 30 days. Given the recent acknowledgement that many mortalities occur after the 30-day period, this may result in underreporting of complications. 16 It remains, however, more likely that issues related to quality of surgery will result in early rather than late complications. Data pertaining to the proportion of operative procedure performed and stage of surgery when the resident participated, which likely influence outcomes, were unavailable because the NSQIP database simply reports whether or not resident participation occurred in operations. Information related to the extent of participation was also not available. Such information might have allowed for a further understanding of the relationship between resident involvement and outcome. Previous studies could not show differences in outcome for varying levels of resident supervision and also when operations were performed either by residents alone or by residents and attendings together. 1, 21 The studies suggested that attending physicians had appropriately selected for a resident performance and experience without compromising patient outcome. Data pertaining to whether there was resident involvement in patient care outside the operating room, which might also be expected to influence outcomes, were also not available.
The findings of our study bring up a discussion of several important points relevant to resident education and its influence on patient outcomes. Resident training and participation are an integral part of patient care and of paramount importance for the sustainability of any health care system because the future of our care rests in our ability to develop well-trained surgeons. In any sphere of work, performance of a task by a less experienced individual or trainee, even under supervision, is expected to take longer than for a fully trained individual. Thus, it is not surprising that resident participation was associated with prolonged operating time in this study. Nevertheless, it is important for individual surgeons, training programs, accreditation boards, and health care policy makers, in general, to ensure that safety for patients is maintained while promoting training and education. Thus, the onus rests on the trainer to ensure adequate supervision and a graded responsibility for trainees based on various factors including the skill of the individual trainee and the complexity of the procedure. Our study set out to evaluate whether resident participation may be associated with adverse outcomes and, importantly, concluded that the current form of resident involvement can be considered safe and responsible. In particular, mortality and major morbidity were similar when residents participated in surgical operations. This is an important message that suggests that the mechanisms currently in place are performing a creditable job of Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
balancing patient safety with residency training. The increased operating time associated with resident participation is likely inevitable, although the presence of a resident in the operating room as a surrogate of severity of surgery or patient complexity might also have partly contributed to the findings of this study. The main difference detected in this study related to the rate of superficial surgical site infection, which was slightly higher when residents participated in surgical procedures. The growing impetus on standardization of perioperative care and efforts to promote the universal acceptance and incorporation of Surgical Care Improvement Project criteria are expected to further minimize the influence of any differences in the degree of resident involvement in perioperative care on surgical site infection rates.
In conclusion, resident involvement in surgical procedures is safe. The small overall increase in mild surgical complications is mostly caused by superficial wound infections. Reasons for this are likely multifactorial but may be related to prolonged operative time due to nature of the training process when residents are involved. Surgeons must be aware of this potential association and, where possible, prevent prolongation of operative time beyond what is needed for patient care and essential resident training. Residents in PGY 1-2 had slightly lower complications and shorter surgical procedures than residents in higher PGY levels. This may be related to the more extensive participation of higher level resident in more complicated operations with more severe and complex disease.
DISCUSSANT
DR. CLIFFORD KO (Los Angeles, CA): One overarching issue seems to be how we might achieve high-quality patient care and delivery of the clinical outcomes in the context of training. From Dr. Eberlein's Presidential Address and a number of the papers have addressed this question of how we maintain good care in the context of training, and how might we do both well?
Of course, this is occurring in the changing environment of work-hour restrictions, resource issues, accountability of care, transparency of our results, and also advances, such as innovative ways to potentially bend the learning curve of our trainees with such things as simulation and the use of accredited training centers, et cetera.
Nonetheless, Dr. Kiran and his colleagues found differences in cases, and, while this is an excellent study, all studies have limitations. The two limitations in this study, which I think you have alluded to, are unmeasured variable bias. Being involved in NSQIP, I hear this every single day, but also the issue of resident participation, and how that might play a role in what the findings were, or were not.
So, how did you account, or how would you account for the potential discrepancies in severity of disease and indications in case complexity?
Second, will you comment on the issue of resident participation in cases?
Finally, how should we think about the differences reported in your study and many of the other studies of similar topic, more specifically, recognizing that teaching in the operating room routinely takes time. Should it be our goal that operating time differences that you have reported, should go away? Should we not see differences, and if that is the case, how will that affect our residents training?
The fact that we are reporting our complications, and we have shown differences, if we are truly to target how that will be different between cases with and without residents, how will that affect our training?
DR. RAVI P. KIRAN: How do we account for severity differences between the two groups? We purposefully decided to carefully match for various factors that we thought were important. This included patient, disease and operative severity, in addition to the actual procedures themselves.
The morbidity probability is an index that allows us to riskstratify patients based on the predicted risk for complications after surgery, based on preoperative factors. We utilized not only the mean morbidity probability but also the ability to classify patients as those having a low or high risk of complications after surgery based on this index. When we also looked at the subgroup analysis the similar pattern persisted.
With regard to your question about resident participation, it is unclear as to whether the involvement of residents in surgery is itself a surrogate of complexity, and that is why we see this slightly increased complication, especially surgical site infections, although multiple factors could be responsible for this association. For example, the increased operative time has been shown in multiple previous studies to be associated with increased SSI.
Of course, the influence of other factors, i.e., when a resident is present in the room, whether there are other factors that might influence infectious complications, such as the ability to maintain asepsis, the effect of this presence and involvement on compliance with antibiotic prophylaxis, etcetera, are all things we could not determine in the study.
With regard to your comment as to how do we try to equalize time, I absolutely agree with your sentiments that resident participation is important, both for training perspectives and also for our patient care. Although we would not perhaps be able to nullify time differences, I think we have already achieved some amount of control by a gradual gradation of responsibility over time, as residents progress in terms of their training and experience.
Also, I think the new quality measures, such as SCIP guidelines, if thoughtfully used, may help minimize these differences. For example, perhaps an extra dose of antibiotics when indicated in prolonged operations may help reduce infection rates.
DR. JAMES DEBORD (Peoria, IL): I am not at all surprised with your results. Otherwise, none of us would probably be doing our job properly. Since I believe strongly that our job is to finish a fifth year resident who is independent, when I have confidence in an upper-level resident, I will often ask the senior resident help the junior resident with a case. It is still not clear to me the degree of supervision that you were discussing, and I guess that is my question.
DR. RAVI P. KIRAN: Just considering the multitude of factors involved, we did not want to further look at the extent of resident supervision on outcomes. This was examined in one of the previous studies from the VA hospitals, but that, indeed, is a very thought provoking question.
